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© In a TFT liquid crystal display device using a 
DHF liquid crystal (11), the DHF liquid crystal (11) is 
alienable to a first alignment state in which liquid 
crystal molecules are substantially aligned to a first 
direction, to a second alignment state in which the 
liquid crystal molecules are substantially aligned to a 
second direction and to an arbitrary intermediate 
alignment state between the first and second align- 
ment states, in accordance with a voltage applied 
between the pixel electrodes (3) and the opposing 
electrode (7). One of a pair of polarization plates (13, 



14) has an optical axis set in substantially an inter- 
mediate direction between the first and second di- 
rections. The optical axis of the other polarization 
pfate is set perpendicular to the optical axis of the 
former polarization plate. A pulse having a voltage 
whose absolute value corresponds to a display gra- 
dation and whose polarity changes frame by frame 
is applied to the DHF liquid crystal (11) for each 
pixel in the selection period of that pixel. A single 
pulse is applied for a single image signal. 
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The present invention relates to a liquid crystal 
display (LCD) device using a liquid crystal having a 
ferroelectric phase (including a ferroelectric liquid 
crystal and an anti ferroelectric liquid crystal) and a 
method of driving this LCD device. More particu- 5 
larly, this invention relates to an LCD apparatus 
capable of presenting a gradation display and a 
method of driving a LCD device in this LCD ap- 
paratus. 

This invention also relates to an LCD device 10 
using a liquid crystal which has a ferroelectric 
phase and to which dichroic dye is added. 

A liquid crystal device (FLC-device) using a 
liquid crystal having a ferroelectric phase is receiv- 
ing attention due to its higher response and wider 75 
view angle than a TN mode LCD device using a 
nematic liquid crystal. 

As an FLC-device, a ferroeiectric LCD device 
using a ferroelectric liquid crystal and an antifer- 
roelectric LCD device using antiferroelectric liquid 20 
crystal are known. 

Conventionally, for the practical use of an FLC- 
device, studies have been made on a ferroelectric 
liquid crystal called an SS-F liquid crystal. But the 
FLC-device using an SS-F liquid crystal cannot 25 
gradually change the transmittivity and thus cannot 
present a gradation display. 

In this respect, an FLC-device capable of pre- 
senting a gradation display has been studied, and 
it has been proposed to use a ferroelectric liquid 30 
crystal whose chiral smectic phase has a helical 
pitch smaller than the distance between substrates 
of the display device. This type of ferroelectric 
liquid crystal is classified to an SBF liquid crystal 
which has a memory property and a DHF (De- 35 
formed Helical Ferroelectric) liquid crystal having 
no memory property (see "LIQUID CRYSTALS," 
1989, Vol. 5, No. 4, pages 1171 to 1177). 

In an LCD device using a DHF liquid crystal, 
this DHF liquid crystal is sealed between sub- 40 
strates, with the helical structure remaining intact. 
When a voltage whose absolute value is sufficiently 
large is applied between electrodes facing each 
other with a liquid crystal layer in between, the 
DHF liquid crystal becomes either a first alignment 45 
state in which the average direction of directions of 
the long axes of the liquid crystal molecules are 
aligned substantially to a first alignment direction or 
a second alignment state in which the average 
direction of the molecules of the liquid crystal is so 
aligned substantially to a second alignment direc- 
tion, in accordance with the polarity of the applied 
voltage. When the absolute value of the applied 
voltage is lower than the one which sets the DHF 
liquid crystal to the first alignment state or the 55 
second alignment state, the DHF liquid crystal be- 
comes an intermediate alignment state in which the 
average direction of the long axes of the liquid 



crystal molecules comes between the first and 
second alignment directions, due to the helical 
. deformation of the molecule alignment. 

In an LCD device using an SBF liquid crystal, 
this SBF liquid crystal is sealed between sut> 
strates, with the helical structure remaining in no 
electric field state. When a voltage whose absolute 
value is equal to or greater than a predetermined 
value is applied between electrodes facing each 
other with a liquid crystal layer in between, the 
SBF liquid crystal becomes either a first alignment 
state in which the directions of the molecules of the 
liquid crystal is aligned substantially to a first align- 
ment direction or a second alignment state in 
which the directions of the liquid crystal molecules 
are aligned substantially to a second alignment 
direction, in accordance with the polarity of the 
applied voltage. When the absolute value of the 
applied voltage is lower than the one which sets 
the SBF liquid crystal to the first alignment state or 
the second alignment state, the SBF liquid crystal 
becomes an intermediate alignment state in which 
the liquid crystal molecules whose average direc- 
tion is aligned to the first alignment direction and 
the liquid crystal molecules whose average direc- 
tion is aligned to the second alignment direction 
are mixed. 

Conventionally, in an LCD device using a DHF 
liquid crystal or an SBF liquid crystal, the optical 
axis of one polarization plate is set parallel to the 
first or second alignment direction while the optical 
axis of the other polarization plate is set perpen- 
dicular to the optical axis of the former polarization 
plate. 

Even when the voltage corresponding to the 
gradation to be displayed is applied to the liquid 
crystal in the LCD devices having the above struc- 
tures, however, the applied voltage is not asso- 
ciated with the transmittivity of pixels so that the 
practical level of gradation display cannot be 
achieved. This is because the hysteresis of the 
optical characteristics of those LCD devices (the 
relationships between the applied voltage and the 
transmittivity) is large. Therefore, even when the 
voltage corresponding to the display gradation is 
applied, the display gradation is not specifically set 
due to the influence of the previously applied volt- 
age. 

To control the display gradation by reducing 
the influence of the hysteresis, a scheme has been 
proposed which drives the LCD device by applying 
the voltage that aligns the average direction of the 
liquid crystal molecules to the first or second align- 
ment direction, and then applying the voltage cor- 
responding to the display gradation. This driving 
method needs a complicated driving circuit and a 
longer selection period for writing data in each 
pixel. 
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An LCD device using the antiferroelectric liquid 
crystal (AFLC) displays an image by utilizing the 
stability of the alignment state of the AFLC. The 
AFLC has three stable states with regard to the 
alignment of the liquid crystal molecules. When a 
voltage equal to or higher than a first threshold 
value is applied to the AFLC, the AFLC is aligned 
to a first ferroelectric phase where the liquid crystal 
molecules are aligned to a first alignment direction 
or a second ferroelectric phase where the liquid 
crystal molecules are aligned to a second align- 
ment direction, in accordance with the polarity of 
the applied voltage. When a voltage whose ab- 
solute value is lower than the first threshold value 
and a second threshold value is applied, the AFLC 
is aligned to an antiferroelectric phase where the 
average alignment direction of the liquid crystal 
molecules is substantially parallel to the normal line 
the smectic layer. A pair of polarization plates are 
located on both side of the LCD device. The trans- 
mission axis of the polarization plates are set with 
the optical axis of the antiferroelectric phase as a 
reference. 

The antiferroelectric liquid crystal has a mem- 
ory property. More specifically, even when the ap- 
plied voltage varies within ranges having the first 
and second thereshold values as their borders, the 
alignment state of the first or second ferroelectric 
phase or the antiferroelectric phase is maintained. 
The conventional antiferroelectric LCD device is 
driven in a direct matrix manner using this memory 
property. 

The memory property of the AFLC is deter- 
mined by the difference between the voltage which 
causes the transition of the liquid crystal to the 
antiferroelectric phase from the first or second fer- 
roelectric phase and the voltage which causes the 
transition of the liquid crystal to the first or second 
ferroelectric phase from the antiferroelectric phase. 
The greater this voltage difference is, the higher 
the memory property for memorizing the alignment 
state becomes. 

In this respect, the conventional antiferroelec- 
tric LCD device uses a liquid crystal which pro- 
vides the large voltage difference, as the AFLC. 

However, the conventional antiferroelectric LCD 
device using an AFLC having a higher memory 
property can hardly control the display gradation 
and cannot therefore accomplish the gradation dis- 
play. 

Since the conventional FLC-device uses two 
polarization plates, the amount of light absorption 
by the polarization plates is large, resulting in a 
dark display. 

Further, the linearly polarized light which has 
passed the incident-side polarization plate under- 
goes different birifringence effects for different 
wavelengths while passing the liquid crystal layer. 
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Therefore, the linearly polarized light becomes dif- 
ferent elliptically polarized lights for different 
wavelengths. The component of each elliptically 
polarized light which is parallel to the transmission 

s axis, of the outgoing-side polarization plate goes out 
from the transmission axis. Therefore, the intensity 
of the outgoing light differs wavelength by 
wavelength, coloring the display. 

As the optical characteristic of the LCD device 

70 depends on the optical anisotropy An and the 
product And of the optical anisotropy An and the 
thickness d of the liquid crystal layer, the liquid 
crystal and the selection of the liquid crystal layer 
are limited. 

75 Accordingly, it is an object of the present in- 

vention to provide an LCD apparatus which uses a 
liquid crystal having a ferroelectric phase has a 
simple structure and can present a gradation dis- 
play, and a method of driving an LCD device using 

20 a liquid crystal having a ferroelectric phase, has a 
simple structure and can present a gradation dis- 
play. 

It is another object of this invention to provide 
an LCD device which uses a liquid crystal having a 

25 ferroelectric phase and presents a bright display. 

It is a further object of this invention to provide 
an LCD device which uses a liquid crystal having a 
ferroelectric phase and can prevent a display im- 
age from being colored. 

30 It is a still further object of this invention to 

provide an LCD device which uses a liquid crystal 
having a ferroelectric phase and has an improved 
design freedom. 

To achieve the above objects, an LCD appara- 

35 tus (1 to 22) according to the first aspect of this 
invention comprises: 

an LCD device (1 to 14) using a liquid crystal 
having a ferroelectric phase and including a first 
substrate (1) having pixel electrodes (3) formed 

40 thereon, a second substrate (2) having an opposing 
electrode (7) facing the pixel electrodes, formed 
thereon, a liquid crystal (11) having a ferroelectric 
phase and arranged between the first and second 
substrates, and at least one polarization plate (13, 

45 14) arranged at a back of at least one of the first 
and second substrates, the liquid crystal and the at 
least one polarization plate providing the LCD de- 
vice a substantially same optical change in associ- 
ation with a change in absolute values of voltages 

so of different polarities applied between the pixel 
electrodes and the opposing electrode; and 

driving means (22) for receiving an image sig- 
nal corresponding to a display image and applying 
one drive pulse having a voltage corresponding to 

55 the image signal between associating one of the 
pixel electrodes and the opposing electrode and 
inverting a polarity of the applied voltage frame by 
frame. 

3 
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According to the above structure, the LCD de- 
vice in use shows a substantially equal optical 
change in association with a change in absolute 
values of voltages of different polarities applied 
between the pixel electrodes and the opposing 
electrode. For example, an LCD device having the 
following structure can be used: the optical axis of 
the first polarization plate is set to an intermediate 
direction between the first and second alignment 
directions and the optical axis of the second po- 
larization plate is set perpendicular or parallel to 
the optical axis of the first polarization plate. It is 
therefore possible to display a clear gradation im- 
age by simply applying a single drive pulse having 
the voltage value whose absolute value corre- 
sponds to the gradation of the display image, be- 
tween the pixel electrodes and the opposing elec- 
trode. 

Because the display gradation of one pixel 
does not drastically change so much between con- 
secutive frames, when the one drive pulse whose 
polarity inverts frame by frame is applied to the 
liquid crystal, the voltages of the positive and nega- 
tive polarities are canceled out between the con- 
secutive frames, thus eliminating the local con- 
centration of charges in the liquid crystal and pre- 
venting the burning of the display. 

According to the second aspect of this inven- 
tion, there is provided a method of driving an LCD 
device (1 to 14) including a first substrate (1) 
having pixel electrodes (3) formed thereon, a sec- 
ond substrate (2) having an opposing electrode (7) 
facing the pixel electrodes, formed thereon, a liquid 
crystal (11) having a ferroelectric phase and ar- 
ranged between the first and second substrates, 
and at least one polarization plate (13, 14), the LCD 
device showing a substantially same optical 
change in association with a change in absolute 
values of voltages of different polarities applied 
between the pixel electrodes and the opposing 
electrode, the method comprising the step of: 

receiving an image signal corresponding to a 
display image frame by frame and applying one 
drive pulse having a voltage whose absolute value 
corresponds to the image signal, between associat- 
ing one of the pixel electrodes and the opposing 
electrode while inverting a polarity of the applied 
voltage frame by frame. 

According to the above structure, the LCD de- 
vice shows a substantially equal optical change in 
association with a change in absolute values of 
voltages of different polarities applied between the 
pixel electrodes and the opposing electrode. It is 
therefore possible to present a clear gradation dis- 
play by simply applying a single drive pulse having 
the voltage value whose absolute value corre- 
sponds to the gradation of the display image, be- 
tween the pixel electrodes and the opposing elec- 
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trode. 

Because the display gradation of one pixel 
does not drastically change so much between con- 
secutive frames, when the one drive pulse whose 

5 polarity inverts frame by frame is applied to the 
liquid crystal, the voltages of the positive and nega- 
tive polarities are canceled out between the con- 
secutive frames, thus eliminating the local con- 
centration of charges in the liquid crystal and pre- 

w venting the burning of the display. 

An LCD device according to the third aspect of 
this invention comprises: 

a first substrate (1) having electrodes (3) 
formed thereon; 

15 a second substrate (2) having an opposing 

electrode (7) facing the electrodes (3), formed 
thereon; 

a liquid crystal (11) arranged between the first 
and second substrates' and having a layer structure 

20 in a smectic phase, the liquid crystal being alien- 
able to a first alignment state in which liquid crystal 
molecules are substantially aligned to a first align- 
ment direction, to a second alignment state in 
which the liquid crystal molecules are substantially 

25 aligned to a second alignment direction and to an 
intermediate alignment state in which an average 
alignment direction of the liquid crystal molecules 
comes between the first and second alignment 
directions in accordance with a voltage applied 

30 between the electrodes and the opposing elec- 
trode; 

a dichroic dye added to the liquid crystal (11); 

and 

one polarization plate (13) arranged near the 

35 first or second substrate (1, 2) and having an 
optical axis set at or between the first alignment 
direction and the second alignment direction. 

The dichroic dye has its long axis aligned 
along the average alignment direction of the liquid 

40 crystal molecules, and absorbs the polarized light 
component of the light passing the liquid crystal 
which is parallel to the average direction of the 
liquid crystal molecules. According to this struc- 
ture, therefore, gradation display can be accom- 

45 plished by the use of a single polarization plate and 
by controlling the average direction of the liquid 
crystal molecules by the adjustment of the voltage 
applied to the ferroelectric liquid crystal. 

This invention can be more fully understood 

so from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a cross-sectional view showing the 
structure of an LCD device according to a first 
55 embodiment of this invention; 

Fig. 2 is a plan view showing the structure of a 
lower substrate of the LCD device shown in Fig. 
1; 

4 
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Fig. 3 is a plan view showing the directions of 
the transmission axes of upper and lower po- 
larization plates and the alignment direction of 
liquid crystal molecules; 

Fig. 4A is a graph showing the relation between 
the applied voltage and transmittivity when a 
DHF liquid crystal desirable in the first embodi- 
ment is used; 

Fig. 4B is a graph showing the relation between 
the applied voltage and transmittivity when a 
DHF liquid crystal, which is not desirable in the 
first embodiment, is used; 
Fig. 5A is a diagram showing the waveform of a 
gate signal to be supplied to a gate line by a 
method of driving a ferroelectric LCD device 
according to the first embodiment of this inven- 
tion; 

Fig. 5B is a diagram showing the waveform of a 
data signal to be supplied to a data line by the 
method of driving a ferroelectric LCD device 
according to the first embodiment of this inven- 
tion; 

Fig. 6 is a graph showing the relation between 
the applied voltage and transmittivity for a spe- 
cific example of a DHF liquid crystal display 
device according to the first embodiment of this 
invention; 

Fig. 7 is a graph showing the relation between 
the applied voltage and transmittivity in the case 
where the optical characteristic varies in accor- 
dance with the polarity of the applied voltage; 
Fig. 8 is a graph showing the optical response 
characteristic for explaining an antiferroelectric 
liquid crystal usable in a third embodiment of 
this invention; 

Fig. 9 is a graph showing the optical response 
characteristic for explaining an antiferroelectric 
liquid crystal usable in the third embodiment of 
this invention; 

Rg. 10 is a graph showing the optical response 
characteristic for explaining an antiferroelectric 
liquid crystal usable in the third embodiment of 
this invention; 

Rg. 11 is a graph showing the relation between 
the applied voltage and transmittivity for a spe- 
cific example of an antiferroelectric liquid crystal 
display device according to the third embodi- 
ment of this invention; 

Fig. 12 is a block diagram of a driving circuit for 
an LCD device according to a fourth embodi- 
ment of this invention; 

Figs. 13A through 13D are timing charts for 
explaining the operation of the circuit shown in 
Fig. 12; 

Fig. 14 is a cross-sectional view showing the 
structure of an LCD device according to a fifth 
embodiment of this invention; and 



Fig. 15 is a cross-sectional view showing a 
structural example in the case where the LCD 
devices according to the first to fifth embodi- 
ments of this invention are of a reflection type. 
5 Preferred embodiments of the present inven- 

tion will now be described with reference to the 
accompanying drawings. 

Rrst Embodiment 

To begin with, the structure of an LCD device 
according to the first embodiment will be dis- 
cussed. Fig. 1 is a cross-sectional view of the LCD 
device, and Fig. 2 is a plan view of a transparent 
substrate on which pixel electrodes and active ele- 
ments are formed. 

This LCD device, which is of an active matrix 
type, has a pair of transparent substrates (e.g., 
glass substrates) 1 and 2. Transparent pixel elec- 
trodes 3, made of a transparent conductive material 
like ITO, and thin film transistors (hereinafter called 
TFTs) 4 having sources connected to the asso- 
ciated pixel electrodes 3 are arranged on the lower 
transparent substrate (hereinafter called lower sub- 
strate) 1 in a matrix form. 

As shown in Rg. 2, gate lines (scan lines) 5 are 
laid between the rows of pixel electrodes 3 and 
data lines (color signal lines) 6 are laid between the 
columns of pixel electrodes 3. The gate electrodes 
of the individual TFTs 4 are connected to the 
associated gate lines 5, and the drain electrodes of 
the TFTs 4 are connected to the associated data 
lines 6. 

The gate lines 5 are connected via terminal 
portions 5a to a gate driver (scan driver) 21, and 
the data lines 6 are connected via terminal portions 
6a to a data driver (signal driver) 22. The gate 
driver 21 applies a gate voltage (gate pulse) to the 
gate lines 5 and scans the gate lines 5. The data 
driver 22 applies a data signal corresponding to a 
display signal (gradation signal) to the data lines 6 
upon reception of the display signal. 

In Fig. 1, an opposing electrode 7, which op- 
poses the individual pixel electrodes 3 and is ap- 
plied with a reference voltage V0, is formed on the 
upper transparent substrate (hereinafter called up- 
per substrate) 2. 

Aligning films 8 and 9 are provided on the 
opposing surfaces of the lower substrate 1 and the 
upper substrate 2, respectively. The aligning films 
8 and 9 are homogeneous alignment films formed 
of an organic polymerization compound, such as 
polyimide, and their opposing surfaces are sub- 
jected to an aligning treatment by rubbing. 

The lower substrate 1 and the upper substrate 
2 are adhered at their peripheral edge portions via 
a frame-shaped seal member 10. A liquid crystal 
11 is sealed in an area surrounded by the sub- 
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strates 1 and 2 and the seal member 10. The liquid 
crystal 11 is a DHF (Deformed Helical Ferroelec- 
tric) liquid crystal. The DHF liquid crystal is a 
ferroelectric liquid crystal whose helical pitch in a 
chiral smectic C phase is smaller than the distance 5 
between both substrates 1 and 2 and which does 
not memorize the alignment state. The helical pitch 
of the DHF liquid crystal is equal to or smaller than 
700 nm to 400 nm that is the wavelength of a 
visible light band, and which has large spontaneous io 
polarization and a cone angle of about 27 degrees 
to 45 degrees (preferably 27 degrees to 30 de- 
grees). 

The DHF liquid crystal forms a uniform layer 
structure in such a way that the normal line of the 75 
layer of the layer structure in the chiral smectic C 
phase is directed toward the direction of the align- 
ing treatment subjected to the alignment films 8 
and 9. Since the helical pitch of the DHF liquid 
crystal is smaller than the distance between both 20 
substrates 1 and 2, the DHF liquid crystal is sealed 
between the substrates 1 and 2, with the helical 
structure remaining intact. When a voltage whose 
absolute value is sufficiently large is applied be- 
tween the pixel electrodes 3 and the opposing 25 
electrode 7, the DHF liquid crystal becomes either 
a first alignment state in which the directions of 
substantially all liquid crystal molecules are aligned 
substantially to a first alignment direction or a sec- 
ond alignment state in which the directions of the 30 
substantially all liquid crystal molecules are aligned 
substantially to a second alignment direction, in 
accordance with the polarity of the applied voltage. 
When a voltage whose absolute value is lower than 
the voltage which sets the DHF liquid crystal to the 35 
first or second alignment state is applied between 
the pixel electrodes 3 and the opposing electrode 
7, the DHF liquid crystal becomes an intermediate 
alignment state in which the average direction of 
the liquid crystal molecules of the DHF liquid cry- 40 
stal (i.e., the director of the DHF liquid crystal) 
comes between the first and second alignment 
directions, due to the deformation of the helical 
structure of the molecule alignment. 

A gap members 12 restrict the distance be- 45 
tween both substrates 1 and 2. The gap members 
12 are studded in the liquid-crystal sealed area. 

A pair of polarization plates 13 and 14 are 
arranged at the top and bottom of the LCD device. 
The relation between the optical axes of the po- 50 
larization plates 13 and 14 (transmission axes or 
absorption axes; the optical axis will be described 
treated as a transmission axis in the following de- 
scription) and the alignment directions of the liquid 
crystal molecules of the liquid crystal 11 will be 55 
described with reference to Fig. 3. 

In Fig. 3, reference numerals "11 A" and n 11B" 
indicate the directions of the liquid crystal mol- 



ecules in the first and second alignment states, Le 
they indicate the first and second alignment direc- 
tions, respectively. Reference numerals W 13A W and 
"UA- indicate the directions of the transmission 
axes of the lower polarization plate 13 and the 
upper polarization plate 14 in Fig. 1. 

When a voltage which has one polarity and 
whose absolute value is sufficiently large is applied 
to the liquid crystal 11, the liquid crystal 11 be- 
comes the first alignment state and directions of 
substantially all liquid crystal molecules are aligned 
to the first alignment direction 1 1 A. When a voltage 
which has the other polarity and whose absolute 
value is sufficiently large is applied to the liquid 
crystal 11, the liquid crystal 11 becomes the sec- 
ond alignment state and the directions of substan- 
tially all liquid crystal molecules are aligned to the 
second alignment direction 11B. When the applied 
voltage is zero, the average direction of the liquid 
crystal molecules is aligned parallel to the normal 
line to the smectic layer of the liquid crystal 1 1 or 
is aligned to a direction 11C between the first and 
second alignment directions 1 1 A and 1 1 B. 

The shift angle $ between the first alignment 
direction 11 A and the second alignment direction 
1 1 B is set to 25 degrees to 45 degrees, depending 
on the type of the liquid crystal 11, but preferably 
27 degrees to 45 degrees. 

The transmission axis of one of the polarization 
plates 13 and 14, for example, the transmission 
axis 14A of the upper polarization plate 14 is set 
substantially parallel to the normal line to the 
smectic layer of the liquid crystal 1 1 . The transmis- 
sion axis of the other polarization plate, e.g., the 
transmission axis 13A of the lower polarization 
plate 13 is set substantially perpendicular to the 
transmission axis 14A of the upper polarization 
plate 14. 

The ferroelectric LCD device in which the 
transmission axes of the Polarization plates 13 and 
14 are set as illustrated in Fig. 3 has the highest 
transmittivity (brightest display) when the liquid 
crystal becomes the first or second alignment state 
in which the directions of the liquid crystal mol- 
ecules are aligned to the first alignment direction 
1 1A or the second alignment direction 11B, respec- 
tively. The transmittivity becomes the lowest (dar- 
kest display) when the average direction of the 
liquid crystal molecules are aligned to the inter- 
mediate direction 11C substantially parallel to the 
normal line to the layer in the smectic phase. More 
specifically, when the directions of the liquid crystal 
molecules are aligned to the first alignment direc- 
tion 11A or the second alignment direction 11B, 
linearly polarized light having passed the incident- 
side polarization plate (polarizer) becomes non- 
linearly polarized light due to the birefringence 
effect of the liquid crystal 11. The component of 
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the light having passed the liquid crystal 11 which 
is parallel to the transmission axis of the outgoing- 
side polarization plate (analyzer) passes the ana- 
lyzer and goes out, making the display brighter. 
When the average diction of the liquid crystal mol- 
ecules is aligned to the intermediate direction 11C, 
linearly polarized light having passed the incident- 
side polarization plate hardly affected by the 
birefringence effect of the liquid crystal 11, and 
passes the liquid crystal layer as the linearly po- 
larized light. Therefore, most of the light having 
passed the liquid crystal 11 is absorbed by the 
outgoing-side polarization plate, making the display 
darker. 

The average direction of the liquid crystal mol- 
ecules continuously varies between the alignment 
directions 11 A and 11B in accordance with the 
polarity and value (absolute value) of the applied 
voltage. Thus, the transmittivity of the ferroelectric 
LCD device can change continuously. 

Now, the characteristic of the liquid crystal 1 1 
will be described. With the polarization plates 13 
and 14 arranged as shown in Fig. 3, the transmit- 
tivity becomes lowest when no voltage is applied to 
the liquid crystal 1 1 (between the electrodes 3 and 
7) and becomes higher as the absolute value of the 
applied voltage increases. The DHF liquid crystal 
11 used in this embodiment has an optical re- 
sponse characteristic which continuously and 
smoothly changes (having no specific threshold 
value) as shown in Fig. 4A when a voltage with a 
triangular waveform having a relatively low fre- 
quency (about 0.1 Hz) is applied to the DHF liquid 
crystal 11, and shows a substantially equal optical 
change in association with a change in the absolute 
value of voltages of different polarities applied to 
the DHF liquid crystal 11. In other words, the 
ferroelectric liquid crystal in use has a smooth 
optical response characteristic and has an optical 
characteristic which becomes a line symmetrical 
with the vertical axis at the position of the applied 
voltage of zero as the reference. It is desirable that 
the hysteresis of the optical response characteristic 
be smaller. 

It is not desirable to use the DHF liquid crystal 
having a Specific threshold value in the optical 
response characteristic or the DHF liquid crystal 
whose transmittivity drastically changes even with a 
slight change in voltage. 

The method of driving the thus constituted 
ferroelectric LCD device will be described with 
reference to Figs. 5A and 5B. 

Fig. 5A shows the waveform of a gate pulse 
the gate driver 21 applies to the gate line 5 con- 
nected to the first row of TFTs 4, and Fig. 5B 
shows the waveform of a data signal the data driver 
22 applies to the data line 6. For easier under- 
standing, only the data signal for the first row of 
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pixels is illustrated and the data signals for the 
other rows are not illustrated. 

In Figs. 5A and 5B, TF indicates one frame 
period, TS indicates the selection period of the first 

5 row of pixels, and TO indicates a non-selection 
period. Each selection period TS is about 45 us, 
for example. 

In this embodiment, a drive pulse (write pulse) 
having a voltage value VD whose absolute value 

to corresponds to the display gradation is applied to 
the data line 6 in the selection period for each 
frame, as shown in Fig. 5B. With regard to a single 
piece of display data (single segment of the dis- 
play signal), one drive pulse whose voltage value is 

;s VD or -VD and whose polarity is positive or nega- 
tive is applied to the associated pixel in the selec- 
tion period TS for that pixel. 

For example, when the frame-by-frame display 
gradations of the pixel at the first row and the first 

20 column are 11, 12. 13, 14 and so forth, the voltage of 
the drive pulse is changed in the order of + VD1 , 
-VD2, + VD3, - VD4 and so forth, as shown in Fig. 
5B. The voltages VD1, VD2, VD3, VD4 and so forth 
are absolute values corresponding to the display 

25 gradations 11 , 12, (3, 14 and so forth. (The voltage of 
the drive pulse may be changed to -VD1, +VD2, 
-VD3, +VD4and so forth.) 

The polarity and absolute value of the drive 
pulse are the polarity and voltage with respect to 

30 the reference voltage VO of the data signal. The 
reference voltage VO is the same as the voltage to 
be applied to the opposing electrode 7. 

In this driving method, the write voltage VD is 
controlled within the range of VO to V max where VO 

as is the minimum value of the write voltage VD and 
the maximum value V max is set slightly lower than 
the voltage (Vsat in Fig. 4A) by which the saturation 
of the transmittivity occurs. 

When the ferroelectric LCD device is driven by 

40 the gate signal and data signal which have the 
above-described waveforms, the voltage (write volt- 
age) VD of the drive pulse is applied to the pixel 
electrode 3 via the associated TFT 4, which is 
turned on by the gate pulse, in the selection period 

45 TS for each row. 

When the gate pulse is disabled, resulting in 
the non-selection period TO, the TFTs 4 are turned 
off so that the voltage corresponding to the write 
voltage VD is held in the capacitor (pixel capacitor) 

so formed by the pixel electrode 3, the opposing 
electrode 7 and the liquid crystal 11 therebetween. 
In the non-selection period TO, therefore, the trans- 
mittivity of the pixel is kept at the value cor- 
responding to the voltage held by the pixel capaci- 

55 tor or the value corresponding to the write voltage 
VD. 

In this embodiment, the liquid crystal 11 pro- 
vides a transmittivity which continuously changes 
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with a change in applied voltage and tne optical 
arrangement as illustrated in Rg. 3 is employed. 
Therefore, the transmittivity with respect to the 
absolute value of the write voltage VD is deter- 
mined almost specifically, so that clear gradation 
display can be accomplished by controlling the 
transmittivity by adjusting the absolute value of the 
write voltage VD. 

The polarity of the applied voltage is inverted 
frame by frame in this embodiment. However, 
since the DHF liquid crystal 11 showing substan- 
tially the same optical change with respect to a 
change in the absolute value of a voltage having 
different polarities, the desired gradation display 
can be accomplished even when the polarity is 
inverted. 

On the pixei-by-pixel basis, it is unlikely that 
the displayed image changes considerably be- 
tween consecutive frames. Accordingly, the ab- 
solute values of the applied voltages VD1 and VD2 
are substantially equal to each other. By inverting 
the polarity frame by frame, therefore, the applied 
voltage is canceled out between a plurality of 
frames, thus eliminating the local concentration of 
charges in the DHF liquid crystal 1 1 and preventing 
the burning of the display. 

Specific Example 1 

Fig. 6 shows the relation between the applied 
voltage and transmittivity when the liquid crystal in 
use is a DHF liquid crystal whose l-SA transition 
temperature of 62.5 "C and SA-SC transition tem- 
perature of 61.2-C with the helical pitcrv of 0.15 
um, the direction of the aligning treatment and the 
direction of the transmission axis of the polarization 
plate are set as illustrated in Fig. 3, each selection 
period TS is 60 us, the drive pulse has different 
polarities frame by frame as shown in Fig. 5B, and 
the absolute value of the voltage VD of the drive 
pulse is changed by the units of 0.5 V in the range 
of 0 V to 10 V. 

It is apparent from the graph in the Rg. 6 that 
this driving method changes the absolute value of 
the voltage value of the drive pulse to continuously 
change the transmittivity and determines the dis- 
play gradation almost specifically in accordance 
with the absolute value of the voltage value of the 
drive pulse, thus ensuring gradation display. 

When voltages having the opposite pote* wes 
and the same absolute value are applied to ihe 
liquid crystal 1 1 (between the electrodes 3 and 7), 
the transmittivities slightly differ from each other 
and do not become exactly the same. Since the 
ferroelectric LCD device in use shows substantially 
the same optical change with respect to the ap- 
plication of voltages of different polarities, no prac- 
tical problem would arise. Further, the LCD device 
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may be driven in consideration of the difference 
between transmittivities caused by the difference in 
polarity between the applied voltages. Given that 
the voltage of the positive polarity to obtain the 

5 display gradation l A is + V A and the voltage of the 
negative polarity to also obtain l A is -V B (V A is not 
equal to |-V B |) as shown in Fig. 7, for example, 
when the transmittivity l A is specified, the drive 
pulse of the voltage +V A may be applied to the 

10 liquid crystal 11 in odd-numbered frames and the 
drive pulse of the voltage -V B may be applied to 
the liquid crystal 1 1 in even-numbered frames. 

Second Embodiment 

75 

Although a DHF liquid crystal is used as the 
liquid crystal 11 in the first embodiment, an SBF 
liquid crystal may also be used as the liquid crystal 
11. 

20 An SBF liquid crystal is a ferroelectric liquid 

crystal whose helical pitch (natural pitch) in a chiral 
smectic phase is smaller than the distance be- 
tween both substrates 1 and 2 and which has a 
bistabiiity. The SBF liquid crystal is made of a 
25 ferroelectric liquid crystal substance whose helical 
pitch is equal to or smaller than 700 nm to 400 nm 
that is the wavelength of a visible light band, and 
which has large spontaneous polarization and a 
large cone angle (for example, about 27 degrees to 
30 45 degrees (preferably 27 degrees to 30 degrees)). 

The helical pitch of the SBF liquid crystal is 
smaller than the distance between both substrates. 

The relation between the transmittivities of the 
polarization plates 13 and 14 and the alignment 
35 directions of the liquid crystal when an SBF liquid 
crystal is used is the same as that in the first 
embodiment When a voltage which has one polar- 
ity and whose absolute value is sufficiently large is 
applied to the SBF liquid crystal 11, the SBF liquid 
40 crystal 11 becomes the first stable state and the 
directions of the liquid crystal molecules are 
aligned substantially to the first alignment direction 
11 A indicated in Fig. 3B. When a voltage which has 
the other polarity and whose absolute value is 
45 sufficiently large is applied to the SBF liquid crystal 
1 1 , the SBF liquid crystal 1 1 becomes the second 
stable state and the directions of the liquid crystal 
molecules are substantially aligned to the second 
alignment direction 1 1 B indicated in Fig. 3B. When 
so the voltage applied to the liquid crystal 11 lies 
between the voyage that ensures the first stable 
state and the voltage that ensures the second 
stable state, minute areas in the first alignment 
stable state and minute areas in the second align- 
55 ment stable state are mixed in accordance with the 
applied voltage. Therefore, the average direction of 
the liquid crystal molecules is aligned toward a 
voltage-oriented arbitrary direction between the first 
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alignment direction 11A and the second alignment 
direction 11B. The shift angle d between the first 
alignment direction 11A and the second alignment 
direction 11 B is set to 25 degrees to 45 degrees, 
depending on the type of the liquid crystal 11, but 
preferably 27 degrees to 45 degrees. 

The transmission axis of one polarization plate, 
for example, the transmission axis 14A of the upper 
polarization plate 14 is set substantially parallel to 
the intermediate direction 11 between the align- 
ment directions 11A and 11B as shown in Fig. 3. 
The transmission axis 1 3 A of the lower polarization 
plate 13 is set substantially perpendicular to the 
transmission axis 14A of the upper polarization 
plate 14. The LCD device in which the transmission 
axes of the polarization plates 13 and 14 are set as 
illustrated in Fig. 3 has the highest transmittivity 
when the liquid crystal becomes the first or second 
alignment state in which the liquid crystal mol- 
ecules are aligned to the first alignment direction 
11A or the second alignment direction 11B, and 
has the lowest transmittivity when the liquid crystal 
molecules are aligned to the intermediate direction 
11C, as per the first embodiment. 

The other structure of the LCD device of this 
embodiment is the same as that of the first em- 
bodiment. 

With the structure of the second embodiment, 
an image with an arbitrary gradation can be dis- 
played by driving the LCD device with the applied 
write voltage VD whose polarity is inverted frame 
by frame and whose absolute value corresponds to 
the display signal (display gradation). 

Third Embodiment 

Although a DHF liquid crystal and an SBF 
liquid crystal which are ferroelectric liquid crystals 
used as the liquid crystal 11 in the first and second 
embodiments, an antiferroelectric liquid crystal 
(AFLC) may be used as well. 

Since the helical pitch of an AFLC is greater 
than the distance between both substrates 1 and 2, 
the AFLC is sealed between the substrates 1 and 2 
without the helical structure of the smectic phase. 
When no voltage is applied to this AFLC, the AFLC 
shows an antiferroelectric phase. When a voltage 
which has one polarity and whose absolute value is 
sufficiently large is applied to the AFLC, the aver- 
age direction of the liquid crystal molecules is 
aligned to the first alignment direction 11 A. When a 
voltage which has the other polarity and whose 
absolute value is sufficiently large is applied to the 
AFLC, the directions of the liquid crystal molecules 
are aligned to the second alignment direction 11B. 

When the voltage applied to the AFLC lies 
between the voltages that cause the liquid crystal 
molecules to be respectively aligned to the first 
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and second alignment directions, the average di- 
rection of the liquid crystal molecules is aligned 
between the first alignment direction 11A and the 
second alignment direction 1 1 B. 
5 The transmission axes of the pair of polariza- 

tion plates 13 and 14 are arranged as illustrated in 
Fig. 3, as per the first embodiment. 

In this embodiment, the following three types 
of AFLCs may be used. 
;o (1) A liquid crystal which shows an antiferroelec- 
tric phase only within a very narrow range of the 
applied voltage near 0 V, shows a sharp change 
in the optical response characteristic curve, and 
hardly has fiat areas in the area having an 
75 antiferroelectric phase. 

Fig. 8 exemplifies the optical response char- 
acteristic of this type of AFLC. This optical re- 
sponse characteristic is obtained by arranging a 
pair of polarization plates as shown in Fig. 3 and 
20 a voltage having a low frequency of about 0.1 
Hz and a triangular waveform is applied to the 
AFLC. This AFLC has a characteristic which 
shows an antiferroelectric phase only within a 
very narrow applied-voltage range of about ±0.5 
25 V and has a sharp curve, and hardly has flat 
areas in the area having an antiferroelectric 
phase. 

Because this type of AFLC has a wide ap- 
plied-voltage range which causes antiferroelec- 

30 tric-ferroelectric phase transition pre-driving phe- 
nomenon, the AFLC has numerous intermediate 
optical states in accordance with the applied 
voltage and does not have any specific thresh- 
old value in its optical response characteristic. 

35 Therefore, this AFLC is suitable for the driving 
method of this invention. 

(2) An AFLC whose average direction is not 
aligned to the direction normal to the smectic 
layer when the applied voltage is zero, but is 

40 aligned to the direction normal to the smectic 
layer at two voltage values of the applied volt- 
age other than zero. 

Fig. 9 exemplifies the optical response char- 
acteristic of this type of AFLC. This optical re- 

45 sponse characteristic is obtained by arranging a 
pair of polarization plates as shown in Fig; 3 and 
a voltage having a sufficiently low frequency of 
about 0.1 Hz and a triangular waveform is ap- 
plied to the AFLC. The average direction of the 

so liquid crystal molecules of the AFLC having this 
characteristic is not aligned to the direction nor- 
mal to the smectic layer when the applied volt- 
age is zero, but it is aligned to the direction 
normal to the smectic layer at two voltage val- 

55 ues of the applied voltage other than zero. That 
is, there are two isolated voltage areas which set 
a dark state and no flat portion exist in the 
vicinity of the applied voltage range of 0 V. 

9 
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Because this type of AFLC has a wide applied- 
voltage range which causes antiferroelectric-fer- 
roelectric phase transition pre-driving phenom- 
enon, the AFLC has numerous intermediate op- 
tical states in accordance with the applied volt- 
age and does not have any specific threshold 
value in its optical response characteristic. 
Therefore, this AFLC is suitable for the driving 
method of this invention. 

The first and second AFLCs have a large 
cone angle of 30 degrees to 45 degrees (prefer- 
ably 35 degrees or above) and large sponta- 
neous polarization of about 200 or greater. Fur- 
ther, those AFLCs have a phase transition of I, 
SmA (Smectic A Phase) and SmCA* (Chirai 
Smectic CA" Phase). 

(3) An AFLC having an optical response char- 
acteristic whose hysteresis is very narrow. 

Fig. 10 exemplifies the optical response 
characteristic of this type of AFLC. This optical 
response characteristic is obtained by arranging 
a pair of polarization plates as shown in Fig. 3 
and a voltage having a low frequency of about 
0.1 Hz and a triangular waveform is applied to 
the AFLC. The optical response characteristic of 
this AFLC has a very narrow hysteresis of 0.5 V 
or below. This AFLC is also suitable for the 
driving method of this invention. 

The other structure of the LCD device of the 
third embodiment is the same as those of the 
first and second embodiments. 

According to the structure of the third em- 
bodiment, an image with an arbitrary gradation 
can also be displayed by driving the LCD device 
with the applied write voltage VD whose polarity 
is inverted frame by frame and whose absolute 
value corresponds to the display gradation. 

Specific Example 2 

Fig. 1 1 shows the relation between the applied 
voltage and transmittivity when the type (3) AFLC 
is used as the liquid crystal 11, the direction of the 
aligning treatment and the direction of the trans- 
mission axis of the polarization plate are set as 
illustrated in Fig. 3, each selection period TS is 60 
us, the polarity of the write voltage is inverted 
frame by frame as shown in Fig. 5B, and the 
absolute value of the write voltage is changed by 
the units of 0.5 V in the range c: 0 V to 10 V. 

It is apparent from this grapn that this driving 
method allows the transmittivity to continuously 
change by altering the write voltage, and deter- 
mines the display gradation almost specifically in 
accordance with the absolute value of the write 
voltage, thus ensuring gradation display. 



Fourth Embodiment 

A description will now be given of the driving 
circuit for an LCD device, which displays dynamic 
s pictures like TV video images, by using the driving 
methods associated with the first to third embodi- 
ments. 

Fig. 12 shows the structure of an LCD appara- 
tus according to this embodiment. 

10 An ordinary NTSC composite signal externally 

supplied is converted by an A/D converter 51 to a 
digital signal, which is in turn supplied to a separa- 
tor 53. The separator 53 separates a sync signal, a 
luminance signal and a hue signal from the re- 

75 ceived digital signal. The separated sync signal is 
supplied to a clock circuit 65 and a write controller 
67. The luminance signal and hue signal are sup- 
plied to a demodulator/converter 55. 

The demodulator/converter 55 produces RGB 

20 digital luminance signals from the received lumi- 
nance signal and hue signal, and supplies the 
produced signals to the first port of a frame mem- 
ory 57. 

The frame memory 57 is constituted of a dual 
25 port memory having one screen (one frame) of a 
memory capacity. 

A D/A converter 59 converts the RGB lumi- 
nance signals, output from the second port of the 
frame memory 57, to corresponding analog lu- 
30 minance signals +R, +G and +B. At this time, 
inverted luminance signals -R, -G and - B are also 
output. 

A selector 61 selectively outputs the RGB ana- 
log luminance signals +R, +G and +B and the 
35 inverted luminance signals -R, -G and -B to a LCD 
module 63. 

The LCD module 63 has the structure as 
shown in Figs. 1 to 3. In this embodiment the LCD 
device displays a color image and has an R, G or 

40 B color filter arranged on each pixel electrode 3 in 
Figs. 1 and 2. 

The clock circuit 65 produces clock signals to 
control the operations of the A/D converter 51, 
separator 53 and demodulator/converter 55, and 

45 supplies the signals to those circuits. 

The write controller 67 supplies a write control 
signal to the frame memory 57 in response to the 
sync signal from the separator 53. 

A read controller 69 supplies a read control 

so signal to the frame memory 57, and reads stored 
data in the frame memory 57 onto the second port. 
Further, the read controller 69 supplies a conver- 
sion timing signal to the D/A converter 59 to con- 
vert RGB digital luminous signals, read from the 

55 frame memory 57, to RGB analog luminous sig- 
nals. The read controller 69 supplies a select con- 
trol signal to the selector 61 and supplies timing 
control signals to the gate driver 21 and the data 
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driver 22 of the LCD module 63. 

In this embodiment, the frame frequency of an 
NTSC video signal is 60 Hz, the frame frequency 
of a display image of the LCD module 63 is 30 Hz, 
and the frame frequency of an image signal is also 
converted using the frame memory 57. 

The operation of the thus constituted display 
apparatus will be described with reference to the 
timing charts in Figs. 13A to 13D. 

An NTSC composite signal is sequentially sup- 
plied to the A/D converter 51. In accordance with 
the conversion timing signal from the clock circuit 
65, the A/D converter 51 converts the NTSC com- 
posite signal to a digital signal and supplies the 
latter signal to the separator 53. In accordance with 
the timing signal from the clock circuit 65, the 
separator 53 separates a sync signal, a luminance 
signal and a hue signal from the digital signal 
supplied from the A/D converter 51. 

The demodulator/converter 55 produces a digi- 
tal R luminance signal, a digital G luminance signal 
and a digital B luminance signal from the lumi- 
nance signal and hue signal, and supplies the 
produced signals to the frame memory 57. 

In accordance with the sync signal from the 
separator 53, the write controller 67 enables a write 
enable signal (active) in the first frame in two 
consecutive frames and disables the write enable 
signal (inactive) in the second frame. 

In response to the write control signal from the 
write controller 67, therefore, the frame memory 57 
sequentially stores the supplied RGB luminance 
signals every two frames. 

In the case shown in Figs. 13A to 13D, for 
example, the frame memory 57 sequentially stores 
the RGB luminance signals of the N-th frame, the 
(N + 2)-th frame, the (N + 4)-th frame and so forth. 

In accordance with the control signal from the 
read controller 69, which includes a read enable 
signal shown in Fig. 13C, the stored RGB lumi- 
nance signals are sequentially read from the frame 
memory 57 and are then supplied to the D/A con- 
verter 59. In the example shown in Figs. 13A-13D, 
the read frequency is a half the write frequency. 
Through the above processing, the frame frequen- 
cy of the NTSC composite signal is converted to 
the frame frequency of the display image of the 
LCD module 63. 

The D/A converter 59 converts the digital RGB 
luminance signals, output from the frame memory 
57, to corresponding analog luminance signals + R, 
+ G and + B and their inverted luminance signals 
-R, -G and -B, and outputs the resultant signals. 

The selector 61 selectively outputs the RGB 
analog luminance signals +R, +G and +B and 
the inverted luminance signals -R, -G and -B to the 
LCD module 63 in accordance with a select signal 
shown in Fig. 13D. 
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In other words, the selector 61 alternately se- 
lects and outputs the RGB analog luminance sig- 
nals of the positive polarity and the analog lu- 
minance signals of the negative polarity frame by 
s frame. 

The data driver 22 sequentially samples the 
RGB analog luminance signals or their inverted 
signals supplied from the selector 61, and applies 
the associated drive pulses to the individual data 

w lines 6. 

The gate driver 21 sequentially applies the 
gate pulse to the gate lines 5 to scan the lines 5. 
As a result, the TFTs 4 connected to the gate line 
5 which is supplied with the gate pulse are turned 

75 on, applying the drive pulses to the associated 
pixel electrodes 3. When the selection period TS 
for that gate line is completed and the non-selec- 
tion period TO starts, the gate pulse is disabled, 
turning off the associated TFTs 4. Consequently 

20 the voltage of the drive pulse is held in each pixel 
capacitor and each pixel is displayed with the gra- 
dation corresponding to the held voltage. 

According to the described structure, one of 
two frames of an NTSC composite signal is stored 

25 in the frame memory 57, and in association with 
each data of the RGB luminance signals stored in 
the frame memory 57, one drive pulse is applied to 
the associated pixel. The polarity of the analog 
luminance signal is inverted for each frame of the 

30 display image of the LCD module. As described 
earlier in the foregoing description of the first to 
third embodiments, drive pulses of different polarit- 
ies, which have absolute values corresponding to 
the display gradation, are sequentially applied to 

35 the individual pixels (pixel electrodes 3) frame by 
frame, thereby presenting a desired gradation im- 
age. 

Although the foregoing description illustrates 
the structure for displaying a TV image of the 

40 NTSC system, another structure may also be em- 
ployed and another type of image may be dis- 
played as well. 

While the two-frame period of an NTSC video 
signal is set equal to the one-frame period of the 

45 display image of the LCD module 63, those periods 
may be set arbitrarily. 

In the structure in Fig. 12, the selector 61 is 
located at the subsequent stage of the D/A con- 
verter 59 to select one of the positive and negative 

so analog luminance signals output from the D/A con- 
verter 59. The structure may however be modified 
in such a way that the read controller 69 controls 
the D/A converter 59 to output only the analog 
luminance signal of the polarity necessary at each 

55 occasion and supply it to the data driver 22. 

In Fig. 3, the transmittivity 14A of one polariza- 
tion plate 14 is set to the intermediate direction 
1 1 C between the first alignment direction 1 1 A and 

11 
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the second alignment direction 1 1 B, and the trans- 
mittivity 13A of the other polarization plate 13 is set 
perpendicular to the transmittivity 14A of the po- 
larization plate 14. The transmittivity 13A of the 
other polarization plate 13 may however be set 
parallel to the transmittivity 14A of the polarization 
plate 14. In this case, the transmittivity of the LCD 
device becomes maximum when the applied volt- 
age is 0 (or substantially 0), and this transmittivity 
decreases as the absolute value of the applied 
voltage increases. If the absolute values of the 
applied voltages of the opposite polarities are equal 
to each other, however, the transmittivities be- 
comes the same regardless of the polarities and 
the driving method of this invention can be applied. 

The absorption axis of one polarization plate 14 
may be set to the intermediate direction 11C be- 
tween the first alignment direction 11A and the 
second alignment direction 1 1 B, and the absorption 
axis of the other polarization plate 13 may be set 
perpendicular to the absorption axis of the polariza- 
tion plate 14. 

Although this invention has been described 
with reference to a transmission type LCD device 
in the foregoing description of the first to fourth 
embodiments, the LCD device may be of a reflec- 
tion type. In this case, a reflector is provided back 
of the polarization plate 13 or 14. The reflection 
type LCD may be formed using only one polariza- 
tion plate. In this case, for example, the polarization 
plate 14 is left intact and a reflector is provided in 
place of the polarization plate 13. The reflector may 
be formed of an aluminum layer deposited at the 
back of the substrate 1 by vacuum deposition, 
sputtering or the like, or may be formed of an 
aluminum foil adhered to the back of the substrate 
1. 

According to the first to fourth embodiments, 
as described above, gradation display can be pre- 
sented by applying one drive pulse corresponding 
to the display image in each frame to each pixel. 
The driving method therefore becomes consider- 
ably simpler. So does the structure of the driving 
circuit 

As the polarity of the drive pulse is inverted 
frame by frame, it is possible to prevent the local 
concentration of charges applied to the liquid cry- 
stal and thus prevent the burning of the display or 
the like. 

Further, since a single drive pulse is applied to 
each pixel in each selection period per frame, each 
selection period can be shortened, thus preventing 
flickering of the display, so that the obtained LCD 
apparatus has a high display quality. 



Fifth Embodiment 

While the desired gradation is obtained by 
changing the birifringence of the liquid crystal in 

s the first to fourth embodiments, the desired grada- 
tion may be acquired by the so-called guest-host 
effect. The following will discuss an LCD device 
which uses a liquid crystal having a ferroelectric 
phase and acquires any gradation by the guest- 

w host effect 

As shown in Fig. 14, the LCD device of this 
embodiment has the same structure as the one 
shown in Fig. 1 , except that the polarization plate 
14 is omitted. 

75 The liquid crystal 11 may be any of a DHF 

liquid crystal, an SBF liquid crystal and an AFLC. 

Further, a dichroic dye is added to the liquid 
crystal 11. The dichroic dye consists of an azo- 
based or anthraquinone-based black dye or the like 

20 with the dichroic ratio of 5 to 12. The amount of 
additive is properly selected in accordance with the 
thickness of the layer of the liquid crystal 11 and 
the dichroic ratio of the dichroic dye, and is set to, 
for example, 0.2 to 7 percent by weight with re- 

25 spect to the liquid crystal 11. When the amount of 
additive is small, low gradation is difficult to dis- 
play. When the amount of additive is too much, the 
display becomes darker, the dichroic dye becomes 
difficult to be dissolved in the liquid crystal 11 and 

30 the proper alignment of the liquid crystal 11 is 
interfered. In this respect, it is desirable that the 
amount of the additive 0.7 to 4 percent by 
weight, particularly, 1 to 3 cercent by weight. As 
the thickness of the layer of the liquid crystal 11 

35 increases, the amount of the additive may be de- 
creased. 

The dichroic dye is aligned to the alignment 
direction of the liquid crystal molecules and the 
average direction of the dichroic dye is aligned to 

40 the average direction of the liquid crystal molecules 
of the liquid crystal 11. In this embodiment, the 
absorption axis of the dichroic dye substantially 
matches with its long axis with its absorption an- 
isotropy being positive. 

45 The relationship between the directions of the 

alignment treatments on the alignment films 8 and 
9, the direction of the optical axis of the polariza- 
tion plate 13 and the alignment direction of the 
liquid crystal molecules of the liquid crystal 11 :■: 

so the same as the one shown in Fig. 3. 

The dichroic dye is aligned along the alignment 
direction of the liquid crystal molecules and the 
direction of its long axis changes between the first 
alignment direction 1 1 A and the second alignment 

55 direction 11B. 

The optical axis (transmission axis in this em- 
bodiment) of the polarization plate 13 is substan- 
tially set parallel to the direction of the alignment 
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treatment 11 C. 

When the director (i.e., the average direction of 
long axes of the liquid crystal molecules) of the 
liquid crystal 11 are aligned to the intermediate 
direction (direction of the alignment treatment) 11C, 5 
the linearly polarized light having passed the po- 
larization plate 13 passes the liquid crystal 11 as 
the linearly polarized light. The absorption axis 
(long axis) of the dichroic dye is parallel to the 
transmission axis 13A of the polarization plate 13. 10 
Therefore, the direction of the polarization of lin- 
early polarized light having passed the polarization 
plate 13 matches with the absorption axis of the 
dichroic dye, so that the light having passed the 
polarization plate 13 is absorbed by the dichroic 75 
dye and the light transmittivity of the LCD device 
becomes minimum. 

When the director of the liquid crystal 11 
gradually changes from the intermediate direction 
11C to the first alignment direction 11 A or the 20 
second alignment direction 1 1 B, the angle of inter- 
section between the polarization direction of the 
linearly polarized light having passed the polariza- 
tion plate 1 3 and the absorption axis of the dichroic 
dye gradually increases. Due to the birifringence 25 
effect of the liquid crystal 11, the linearly polarized 
light incident to the liquid crystal 1 1 becomes ellip- 
tically polarized light. As a result, the amount of 
light absorbed by the dichroic dye gradually de- 
creases and the amount of the outgoing light from 30 
the liquid crystal increases, gradually making the 
display brighter. When the director of the liquid 
crystal 11 becomes the first alignment direction 
11A or the second alignment direction 11B, the 
transmittivity and the display gradation become 35 
maximum. 

The director of the liquid crystal 11 continu- 
ously varies between the first alignment direction 
11 A and the second alignment direction 11B in 
accordance with the polarity and the voltage value 40 
(absolute value) of the voltage applied between the 
pixel electrodes 3 and the opposing electrode 7. In 
accordance with the director of the liquid crystal 
11, the amount of light absorption in the layer of 
the liquid crystal 1 1 changes. 45 

When a low-frequency triangular voltage of 
about 0.1 Hz is applied between the pixel elec- 
trodes 3 and the opposing electrode 7 of the LCD 
device, the transmittivity continuously varies with 
respect to the applied voltage as shown in Fig. 4A, 50 
thus permitting a gradation image to be displayed. 

Because this LCD device is of an active matrix 
type, the voltage for keeping the liquid crystal 1 1 in 
an arbitrary alignment state can be held even dur- 
ing a non-selection period. The LCD device with ss 
the above-described structure may be controlled 
by the driving method shown in Figs. 5A and 5B to 
present a good gradation display by changing the 



transmittivity. 

Since the LCD device with the above structure 
uses a single polarization plate, the amount of light 
absorbed by the polarization plate is smaller, and 
the display becomes brighter, as compared with 
the case where two polarization plates are used. 
Further, the coloring of the display image can be 
prevented. 

As the transmittivity does not depend on the 
optical anisotropy An of the liquid crystal 11 and 
the produce And of the optical anisotropy An and 
the layer thickness d of the liquid crystal 11, it is 
possible to improve the freedom of selection of the 
layer thickness of the liquid crystal 1 1 . 

Although the transmittivity 13A of the polariza- 
tion plate is aligned to the direction of the align- 
ment treatment 11C in the above-described em- 
bodiment, the absorption axis may be aligned to 
the direction of the alignment treatment 11C. In this 
case, the transmittivity becomes maximum in the 
intermediate alignment state and becomes mini- 
mum when the first and second alignment states. 
While the polarization plate 13 is arranged on the 
light-incident side, it may be arranged on the out- 
going-side (view field side). 

Sixth Embodiment 

Although a transparent LCD device which uses 
a liquid crystal having a ferroelectric phase in a 
guest-host mode has been described in the fore- 
going description of the fifth embodiment, a reflec- 
tion type of LCD device may be designed too. 

Fig. 15 shows the structure of an LCD device 
which uses a liquid crystal having a ferroelectric 
phase and is a transparent type guest-host mode. 
This LCD device has the polarization plate 14 (or 
1 3) removed from the structure in Fig. 1 and has a 
reflector 15 located at the back of the polarization 
plate 13 (or 14). 

The light which was incident from the above 
and passed the substrate 2 and the liquid crystal 
1 1 includes various polarized light components. Of 
those polarized light components, the polarized 
light component parallel to the abortion axis of the 
dichroic dye is absorbed by the dichroic dye and 
reaches the polarization plate 13. The light which 
has reached the polarization plate 13 passes the 
polarization plate 13 to become linearly polarized 
light. This linearly polarized light is reflected by the 
reflector 15 and passes through the polarization 
plate 13 again as the linearly polarized light to be 
incident on the liquid crystal 11. Of the incident 
light, the polarized light component parallel to the 
absorption axis of the dichroic dye is absorbed by 
the dichroic dye and goes out from the layer of the 
liquid crystal 1 1 . 
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When the director of the liquid crystal 11 is 
matched with the direction of the alignment treat- 
ment 11C, only the component of the incident light 
from the upper substrate 2 which is the component 
in the direction of the absorption axis of the dich- 
roic dye and which has not been absorbed by the 
dichroic dye passes the polarization plate 13 to 
become linearly polarized light. This linearly po- 
larized light is incident to the reflector 15. The 
linearly polarized light which is reflected by the 
reflector 15 and passes through the polarization 
plate 13 passes the layer of the liquid crystal 11 
directly as the linearly polarized light and is then 
absorbed by the dichroic dye. Consequently, the 
transmittivity of the light from the LCD device be- 
comes minimum. 

When the director of the liquid crystal 11 
gradually changes from the intermediate direction 
11C to the first alignment direction 11 A or the 
second alignment direction 1 1 B, the angle between 
the direction of the polarized light component of 
the incident light, absorbed by the . dichroic dye, 
and transmittance axis 13A of the polarization plate 
13 and the angle of intersection between the lin- 
early polarized light, which has been reflected by 
the reflector 15 and has passed the polarization 
plate 13, and the absorption axis of the dichroic 
dye slowly increase. Due to the birifringence effect 
of the liquid crystal 11, the linearly polarized light 
incident to the liquid crystal 1 1 becomes elliptically 
polarized light. As a result, the intensity of the light 
component of the incident light from the upper 
substrate 2, which passes the polarization plate 13, 
increases, and the amount of light, reflected by the 
reflector 15, passed the polarization plate 13 and 
absorbed by the dichroic dye, the gradually de- 
creases. Therefore, the amount of the outgoing 
light from the liquid crystal increases, gradually 
making the display brighter. When the average 
alignment direction of the liquid crystal molecules 
of the liquid crystal 1 1 becomes the first alignment 
direction 11 A or the second alignment direction 
11 B, the transmittivity and the display gradation 
become maximum. 

The director of the liquid crystal 11 continu- 
ously varies between the first alignment direction 
11 A and the second alignment direction 11 B in 
accordance with the polarity and the voltage value 
(absolute value) of the voltage applied between the 
pixel electrodes 3 and the opposing electrode 7. In 
accordance with the average alignment direction, 
the amount of light absorption in the layer of the 
liquid crystal 1 1 changes. 

When a low-frequency triangular voltage of 
about 0.1 Hz is applied between the pixel elec- 
trodes 3 and the opposing electrode 7 of the LCD 
device, the transmittivity continuously varies with 
respect to the applied voltage as shown in Fig. 4A, 
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thus permitting a gradation image to be displayed 
in this embodiment too. 

Because this LCD device is of an active matrix 
type, the voltage for keeping the liquid crystal 11 in 
5 an arbitrary alignment state can be held even dur- 
ing a non-selection period. The transmittivity may 
therefore be changed to ensure gradation display 
by the driving method shown in Figs. 5A and 5B. 
Since the LCD device with the above structure 
w uses a single polarization plate, the amount of light 
absorbed by the polarization plate is smaller, and 
the display becomes brighter, than that absorbed 
when two polarization plates are used. Further, the 
coloring of the display image can be prevented. 
is As the transmittivity does not depend on the 

optical anisctropy An of the liquid crystal 11 and 
the produce And of the optical anisotropy An and 
the layer thickness d of the liquid crystal 11, unlike 
in the conventional ferroelectric liquid crystal, it is 
20 possible to improve the freedom of selection of the 
layer thickness of the liquid crystal 1 1 . 

Although the transmittivity 13A of the polariza- 
tion plate is aligned to the direction of the align- 
ment treatment 1 1 C in the above-described em- 
25 bodiment the absorption axis may be aligned to 
the direction of the alignment treatment 11C. In this 
case, the transmittivity becomes maximum in the 
intermediate alignment state and becomes mini- 
mum when the first and second alignment states. 
30 While the polarization plate 13 is arranged on the 
light-incident side, it may be arranged on the out- 
going-side (view field side). 

Although the dichroic dye in use in the fifth and 
sixth embodiments has a positive absorption an- 
35 isotropy, a dichroic dye, which has a negative 
absorption anisotropy and whose absorption axis is 
perpendicular to the direction of the long axis, may 
also be used. 

The targets for the driving method of this em- 
40 bodiment are not limited to TFTs as active ele- 
ments, and the driving method may be used to 
drive an LCD device having MIM (Metal Insulator 
Metal) elements as active elements. 

45 Claims 

1. A liquid crystal display apparatus comprising: 
a liquid crystal display device using a liq- 
uid crystal having a ferroelectric phase and 
so driving mens for driving the liquid crystal dis- 

play device characterized in that, 

said liquid crystal display device (1 to 14) 
using a liquid crystal has a ferroelectric phase 
and including a first substrate (1) having pixel 
55 electrodes (3) formed thereon, a second sub- 

strate (2) having an opposing electrode (7) 
facing said pixel electrodes, formed thereon, a 
liquid crystal (11) having a ferroelectric phase 

14 
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and arranged between said first and second 
substrates, and at least one polarization plate 
(13, 14) arranged at a back of at least one of 
said first and second substrates, said liquid 
crystal display device having a substantially s 
same optical change in association with a 
change in absolute values of voltages of dif- 
ferent polarities applied between said pixel 
electrodes and said opposing electrode; and 

said driving means (22) receives an image io 
signal corresponding to a display image and 
applying one drive pulse having a voltage. cor- 
responding to said image signal between said 
pixel electrodes and said opposing electrode 
and inverts a polarity of said applied voltage 75 
frame by frame. 

2. The liquid crystal display apparatus according 
to claim 1 t characterized in that said liquid 
crystal (11) has a layer structure in a smectic 20 
phase, and is alienable to a first alignment 
state in which liquid crystal molecules are sub- 
stantially aligned to a first alignment direction 

(11 A), to a second alignment state in which 
said liquid crystal molecules are substantially 25 
aligned to a second alignment direction (11B) 
and to an intermediate alignment state in which 
an average alignment direction of said liquid 
crystal molecules is aligned toward an arbitrary 
direction between said first and second align- 30 
ment directions in accordance with a voltage 
applied between said pixel electrodes (3) and 
said opposing electrode (7); and 

said at least one polarization plate (13, 14) 
includes first and second polarization plates 35 
(13, 14), said first polarization plate (14) having 
an optical axis set substantially parallel to a 
normal direction of said layer of said layer 
structure in said smectic phase, said second 
polarization plate (13) having an optical axis 40 
set perpendicular or parallel to said optical axis 
of said first polarization plate (14). 

3. The liquid crystal display apparatus according 

to claim 1, characterized in that an absolute 45 
value of a drive pulse of a positive polarity and 
an absolute value of a drive pulse of a positive 
polarity for display a same gradation are sub- 
stantially equal to each other. 

so 

4. The liquid crystal display apparatus according 
to claim 1, characterized in that an absolute 
value of a drive pulse of a positive polarity and 
an absolute value of a drive pulse of a positive 
polarity for display a same gradation differs ss 
from each other. 



5- The liquid crystal display apparatus according 
to claim 1, characterized in that said liquid 
crystal display device is an active matrix type 
having active elements (4) connected to said 
pixel electrodes, and said drive means (22) 
applies said drive pulse via an associated one 
of said active elements (4) to said liquid crystal 
(11) in a selection period for each pixel and 
disables said associated active element (4) in a 
non-selection period for said each pixel. 

6. The liquid crystal display apparatus according 
to claim 1, characterized in that said liquid 
crystal (11) is a liquid crystal having a helical 
structure while being sealed between said sub- 
strates (1, 2), an average direction of the mol- 
ecules of said liquid crystal (11) being 
changed by deformation of the helical structure 
caused in accordance with an applied voltage. 

7. The liquid crystal display apparatus according 
to claim 1, characterized in that said liquid 
crystal (11) is a liquid crystal showing an an- 
tiferroelectric phase when no voltage is ap- 
plied. 

8. The liquid crystal display apparatus according 
to claim 1, characterized in that said liquid 
crystal (11) is selected one of a DHF liquid 
crystal, an SBF liquid crystal and an antifer- 
roelectric liquid crystal. 

9. The liquid crystal display apparatus according 
to claim 1, characterized in that said liquid 
crystal (11) is a liquid crystal whose optical 
response characteristic has no specific thresh- 
old value and continuously and smoothly 
changes, and which shows a substantially 
same optical change in association with a 
change in an absolute value of voltages of 
different polarities to be applied to said liquid 
crystal (11). 

10. The liquid crystal display apparatus according 
to claim 1, characterized in that said liquid 
crystal comprises at least one of (1) a liquid 
crystal showing an antiferroelectric phase only 
within a very narrow range equal to or smaller 
than a predetermined range in which an ap- 
plied voltage is in a vicinity of 0 V, showing a 
sharp change in an optical response character- 
istic curve, and hardly having flat areas in an 
area having an antiferroelectric phase, (2) an 
antiferroelectric liquid crystal having an ap- 
plied-voltage range equal to or greater than a 
predetermined range, which causes antifer- 
roelectric-ferroelectric phase transition predriv- 
ing phenomenon, having a plurality of inter- 
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mediate optical states in accordance with said 
applied voltage and having no specific thresh- 
old value in an optical response characteristic, 
(3) an antiferroelectric liquid crystal whose di- 
rector is not aligned to a direction normal to a 5 
layer of a layer structure in a smectic phase 
when said applied voltage is 0 V, but is aligned 
to said direction normal to said layer of the 
layer structure at two voltage values of said 
applied voltage other than zero, (4) an antifer- w 
roelectric liquid crystal having two isolated 
voltage areas which set a dark state or a bright 
state and having no flat portion present in a 
vicinity of an applied voltage range of 0 V, and 
(5) an antiferroelectric liquid crystal whose op- is 
tical response characteristic has a very narrow 
hysteresis. 

11. The liquid crystal display apparatus according 

to claim 1, characterized in that said drive 20 
means includes means (22) for applying a 
drive pulse having voltages whose absolute 
values differ from each other to said pixel 
electrodes (3) and said opposing electrode (7) 
in accordance with an polarity, with respect to 25 
an image signal indicating a same display gra- 
dation in accordance with a difference in an 
optical change of said liquid crystal (11) caus- 
ed by a polarity of an applied voltage. 

30 

12. The liquid crystal display apparatus according 
to claim 1, characterized in that said liquid 
crystal (11) contains a dichroic dye. 

13. A liquid crystal display apparatus comprising: 35 

a liquid crystal display device (1 to 14) 
including a first substrate (1) having pixel elec- 
trodes (3) formed thereon, a second substrate 

(2) having an opposing electrode (7) facing 
said pixel electrodes (3), formed thereon, a 40 
liquid crystal (11) having a ferroelectric phase 

and a layer structure in a smectic phase, said 
liquid crystal (11) being alienable to a first 
alignment state in which liquid crystal mol- 
ecules are substantially aligned to a first align- 45 
ment direction, to a second alignment state in 
which said liquid crystal molecules are sub- 
stantially aligned to a second alignment direc- 
tion and to an intermediate alignment state in 
which an average alignment direction of said 50 
liquid crystal molecules is aligned toward an 
arbitrary direction between said first and sec- 
ond alignment directions in accordance with a 
voltage applied between said pixel electrodes 

(3) and said opposing electrode (7), a first 55 
polarization plate (13) having an optical axis 

set substantially parallel to a norma! direction 
of a layer of said layer structure of said liquid 



crystal (11), and a second polarization plate 
(14) having an optical axis set perpendicular or 
parallel to said optical axis of said first po- 
larization plate (13); and 

drive means (22) for receiving an image 
signal corresponding to a display image and 
applying one drive pulse having a voltage cor- 
responding to said image signal between as- 
sociating one of said pixel electrodes (13) and 
said opposing electrode (7) while inverting a 
polarity of said applied voltage frame by frame. 

14. A method of driving a liquid crystal display 
device using a liquid crystal having a ferroelec- 
tric phase, characterized in that. 

said liquid crystal display device includes 
a first substrate (1) having pixel electrodes (3) 
formed thereon, a second substrate (2) having 
an opposing electrode (7) facing said pixel 
electrodes, formed thereon, a liquid crystal 
(11) having a ferroelectric phase and arranged 
between said first and second substrates, and 
at least one polarization plate (13, 14), said 
liquid crystal display device showing a sub- 
stantially same optical change in association 
with a change in absolute values of voltages of 
different polarities applied between said pixel 
electrodes (3) and said opposing electrode (7); 
and 

said method comprises the step of: 
receiving an image signal corresponding to 
a display image frame by frame and applying 
one drive pulse having a voltage whose ab- 
solute value corresponds to said image signal, 
between associating one of said pixel elec- 
trodes and said opposing electrode while in- 
verting a polarity of said applied voltage frame 
by frame. 

15. The method according to claim 14, character- 
ized in that said liquid crystal display device is 
of an active matrix type having active elements 
(4) connected to said pixel electrodes, and 
said method includes the steps of: 

applying said drive pulse via an associated 
one of said active elements (4) to said liquid 
crystal in a selection period for each pixel; and 

disabling said active elements (4) in a non- 
selection period for said each pixel. 

'6. The method according to claim 14, character- 
ized in that said liquid crystal (11) is a liquid 
crystal having a helical structure while being 
sealed between said substrates (1, 2), an aver- 
age direction of molecules of said liquid crystal 
being changed by deformation of the helical 
structure caused in accordance with an applied 
voltage. 
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17. The method according to claim 14, character- 
ized in that said liquid crystal (11) is a liquid 
crystal showing an antiferroelectric phase when 
no voltage is applied. 

5 

18. The method according to claim 14, character- 
ized in that said liquid crystal (11) is selected 
one of a DHF liquid crystal, an SBF liquid 
crystal and an antiferroelectric liquid crystal. 

w 

19. The method according to claim 14, character- 
ized in that said liquid crystal is a liquid crystal 
(11) whose optical response characteristic has 
no specific threshold value and continuously 

and smoothly changes, and which shows a 75 
substantially same optical change in associ- 
ation with a change in an absolute value of 
voltages of different polarities to be applied to 
said liquid crystal (11). 

20 

20. The method according to claim 14, character- 
ized in that said liquid crystal comprises at 
least one of (1) a liquid crystal showing an 
antiferroelectric phase only within a very nar- 
row range in which an applied voltage is in a 25 
vicinity of 0 V, showing a sharp change in an 
optical response characteristic curve, and 
hardly having flat areas in an area having an 
antiferroelectric phase, (2) an antiferroelectric 
liquid crystal having an applied- voltage range 30 
equal to or greater than a predetermined 
range, which causes antiferroelectric-ferroelec- 

tric phase transition pre-dhving phenomenon, 
having a plurality of intermediate optical states 
in accordance with said applied voltage and 35 
having no specific threshold value in an optical 
response characteristic, (3) an antiferroelectric 
liquid crystal whose director is not aligned to a 
direction normal to a layer of a layer structure 
in a smectic phase when said applied voltage 40 
is 0 V, but is aligned to said direction normal 
to a layer of said layer structure at two voltage 
values of said applied voltage other than zero, 
(4) an antiferroelectric liquid crystal having two 
isolated voltage areas which set a dark state or 45 
a bright state and having no flat portion 
present in a vicinity of an applied voltage 
range of 0 V, and (5) an antiferroelectric liquid 
crystal whose optical response characteristic 
has a very narrow hysteresis. 50 

21. The method according to claim 14, character- 
ized in that said driving step includes means 
(22) for applying a drive pulse having voltages 
whose absolute values differ from each other 55 
to said pixel electrodes (3) and said opposing 
electrode (7) in accordance with an polarity, 

with respect to an image signal indicating a 



same display gradation in accordance with a 
difference in an optical change of said liquid 
crystal (11) caused by a polarity of an applied 
voltage. 

22. The method according to claim 14, character- 
ized in that said liquid crystal contains a dich- 
roic dye. 

23. A liquid crystal display device comprising: 

a first substrate (1) having pixel electrodes 
(3) formed thereon; 

a second substrate (2) having an opposing 
electrode (7) facing the pixel electrodes (3), 
formed thereon; 

a liquid crystal (11) arranged between the 
first and second substrates and having a layer 
structure in a smectic phase, the liquid crystal 
(11) being alienable to a first alignment state in 
which liquid crystal molecules are substantially 
aligned to a first alignment direction, to a sec- 
ond alignment state in which the liquid crystal 
molecules are substantially aligned to a sec- 
ond alignment direction and to an intermediate 
alignment state in which an average alignment 
direction of the liquid crystal molecules is 
aligned to an arbitrary direction between the 
first and second alignment directions in accor- 
dance with a voltage applied between the pixel 
electrodes (3) and the opposing electrode (7); 

a dichroic dye added to the liquid crystal 
(11); and 

one polarization plate (13) arranged near 
the first or second substrate (1 , 2) and having 
an optical axis set substantially at or between 
the first alignment direction and the second 
alignment direction. 

24. The liquid crystal display device according to 
claim 19, characterized in that said optical axis 
of said polarization plate (13) is a light trans- 
mission axis or a light absorption axis; and 

a light absorption axis of said dichroic dye 
is substantially parallel to an average align- 
ment direction of said liquid crystal molecules. 

25. The liquid crystal display device according to 
claim 19, further comprising a reflector (15) 
arranged outside said polarization plate (14). 
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